Objective-To study early and late mortality after surgical correction of coarctation of the aorta.
Outcome and results-The early mortality (within one month of operation) was 12% overall, 2-6% for elective surgery, and 0% for the 77 patients undergoing surgery since 1968. Survivors were followed up for a total of 3288 patient years; in 27 follow up The five patients who died from causes unrelated to their coarctation were considered as having left the study on their date of death. Figure 4 shows the survival and cumulative hazard functions: 3-8% died in the 10 years after the repair of their coarctation, 4 1% died between 10 and 20 years after the operation, and 9-2% died in the 10 years after that; thereafter mortality decreased. Only 27 people in the study were followed up for 30 years or more. It seems that even when general mortality was taken into account, the risk of dying from the effect of coarctation increased with the interval since operation. Only patients operated on before 1969 were followed up over 20 years, so the increase in mortality 20 years after operation might have been caused by problems with the early operative technique. But, because mortality by decade of operation showed no decline 10 and 15 years after operation, this seems unlikely.
FACTORS AFFECTING LONG TERM SURVIVAL
Age at operation The patients were divided into three groups according to their age at operation-aged 4 years and under (56 cases), 5-14 years (76 cases), and > 15 years (50 cases). Figure 5 shows plots of the Kaplan-Meier survival curves for each group. There was no statistically significant difference at the 0.05 probability level (when an approximation to Cox's F test was used) in long term survival between the groups, though a longer period of follow up might well indicate which age group fared the best. The best 20 year postoperative survival in our study was achieved by the 0-4 Aortic-oesophageal fistula (presumed aneurysm-details unavailable) 6 5 30 Congestive cardiac failure 7 7 20 Ventricular fibrillation (previous episode of VF-no other abnormalities apparent before fatal recurrence) 8 10 33 Ruptured aortic aneurysm, persistent coarctation
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Acute heart failure, aortic incompetence, persistent coarctation vas similar for Hypertension of the small Figure 6 shows survival according to blood ve been foll-pressure at operation. Four of the 76 patients ig is not very who had a systolic blood pressure of < 160 mm Hg before the operation died in the follow up period compared with 10 of the 80 patients with a systolic blood pressure of ) 160 mm Hg; however, this was not statistically significant at the 0 05 probability level. Figure 6 also shows the survival ofpatients who had a systolic blood pressure of > 160 mm Hg and were aged > 15 when they were operated on. Though they had had prolonged preoperative hypertension, their late mortality was no higher than in other groups, and their 30
----------year survival was better than those with a preoperative blood pressure of < 160 mm Hg. For 26 patients we had no record of pre---5-14 operative blood pressure. Repair of aortic coarctation has been carried out since 1944.2 As more patients enter their second, third, and fourth postoperative decades, problems associated with their coarctation and its repair are now becoming evident. Many studies have shown significant late mortality,4579 ' the rate being generally more than 10% when follow up exceeds 10 years. Some of our patients were followed up for 40 years and they included some of those who had the earliest operations for coarctation repair. The increase in mortality among these patients in the third decade after operation is worrying; Presbitero et al whose postoperative follow up ranged from 15 years to 30 years reported similar findings.7 So far, very few patients have been followed up into their fourth postoperative decade (27 in this series) and it is difficult to give a longer term prognosis, but it seems likely that problems caused by recoarcta- Age (years) Figure 7 Comparative survival, excluding deaths in first year of life. tion, vascular disease, and persistent hypertension will only increase with increasing age and time after operation.
Hypertension and vascular disease cause most of the morbidity and mortality associated with advancing age in patients with coarctation. Our results suggested an association between preoperative hypertension and an increased risk of later mortality. Others found that the younger the age at operation the greater the postoperative reduction in blood pressure" with late hypertension being more common when the operation was delayed until after the age of 20. The duration and severity of hypertension are also likely to be important factors in aneurysm formation remote from the repair site. Table 3 shows that in five of the six deaths related to aneurysms there had been exposure to hypertension and coarctation for more than 30 years in three, 25 years in one, and 18 years in two. Proximal distension, limited only by the degree and rate of development of collaterals, could be an equally damaging factor. Dissecting aneurysm of the ascending aorta caused late postoperative deaths in four patients and was detected in vivo in a further four of 343 survivors reported by Forfang et al. '3 In these patients surgical relief of coarctation occurred at age 9 (one) and at age 15-48 in the remainder. Aneurysm related to the repair patch is another hazard, discussed among others by Koller et al. "4 In the pre-surgical era, necropsy studies showed death from aneurysm rupture in 17 1 % of 304 patients with coarctation reported by Abbott'5 and Reifenstein et al. '6 In our series, we found an even higher proportion of deaths related to aneurysm (27%), whereas so far there have been no deaths from cerebrovascular accidents, which accounted for 11 8% in the earlier necropsy series.'5 16 Relief of distension of the upper vascular segment and of hypertension after operation may be the reason; none the less aneurysm formation has persisted.
The desire to operate at an early age to reduce the risk of persistent hypertension and its associated problems must be balanced against the fact that residual and recurrent coarctation ofthe aorta are more common when the operation is undertaken in young patients,5 10 "1 though not necessarily with a worse outcome.'0 Of the five late deaths in our series in which persistent coarctation was a contributory cause, three occurred in patients who had their initial operation at the age of 1 or less.
It was hoped that subclavian flap arterioplasty"' for the repair of coarctations would reduce recoarctation in infants. But this has not proved to be so. It seems that it is best to operate at the earliest age that gives the best results in the unit in which the operation is performed.
Doppler techniques,'819 angiography, or magnetic resonance imaging" can be used to show recoarctation of the aorta and other circulatory problems. Balloon dilatation may provide relief, and aneurysms can be monitored and operated on if indicated. These techniques mean that we can now do a more sensitive analysis than one based solely on mortality. It will then be possible to take prophylactic action to prevent further morbidity caused by recoarctation of the aorta, associated conditions, or problems associated with hypertension. Additional work in progress shows that 80% of patients contacted claim to have experienced no symptoms or worsening in their quality of life after coarctation repair; yet many of the patients we re-examined 20 + years after operation were hypertensive despite absence of recoarctation. These data will be submitted for publication in due course. Further follow up work is in progress, but it seems that recoarctation is not primarily responsible for most of the late hypertension.
